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HOUSEKEEPING

rr% NEMOSHIP

A Yourmicrophoneswill be muted duringthe
event

A Wewill have Q&A sessions

A You caraskyour questions in the Question box
at anytimeduringthe event(seebottom right
of the screen)

A You caralsovote for questionsiskedby others

A Slideswill be sharedon our website
https://nemoship.eu/results/

e W WaN
Questions 8 x Sondages & X

- @ Naom! Gaei Are you interested in this new feature?
12 How do you create an account?

@ Use the 'Signup' button on the top right of the screen. Yes

No

- @ James
0 What's the weather today?

ilyaplus de7ans @

Do you want to receive our newsletter?

68% Yes

32% No

il yaplus de 7 ans @

th 0 ﬁ
-
Sondages Questions Chat - th

Sondages Questions

Co-funded by
the European Union



https://nemoship.eu/results/

AGENDA NEMOSHIP

T\
S,
A

9:00 to 9:15 Welcomeand NEMOSHIP introductiofCEA)

9:15 to 9:50- Keynotepresentationon safetyof batteries(CEA) and Q&A

9:50 to 10:20 Marine batteriessafetyand characterisation(Corvus / Cidetec) and Q&A
Coffee break 10:20 to 10:35

10:35 to 11:1G Innovation 1:Heterogeneoudattery systemsand dedicatedcontrol (CEA / Solstad / Elkon)
A Sizinga heterogeneoudattery system to fit thevesseheeds

A Control solutiordeveloppedor increasedBES $ifetime (BPMS; Battery Power Management System)

A Battery system installation on Normamitott vessel

A Q&A

11:10 to 11:45 Innovation 2: NEMOSHIP Digital Platform for optinkelttery operations(Siemens / Ponant)
A Overviewof the platformcapabilities

A Preliminary feedbacfollowingdeploymenton Le Commandant Charosgssel

A Q&A

11:45 to 12:15 Applicabilityto full electricuse case$SDI / Elkon) and Q&A
12:15 to 12:30 Closing

Co-funded by
the European Union
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NEMOSHIP INTRODUCTION

Solene Goy, CEA
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Title

Call ID

Type

Lead

Duration

Total cost

EU contribution

NEwMOdularelectrical architecture & digital platform to optimise large battery systems on
SHIPs

HORIZONCL52022D5-01-01 - Exploiting electrical energy storage systems and better
optimising large battery electric power within fully battery electric and hybrid ships (ZEWT
Partnership)

Innovation Action

CEA

4 years- 01/01/2023 to 31/12/2026
11.3 M Euros

7.9 M Euros

Pt Co-funded by
ot the European Union




PROJECT EXPECTED OUTCOMES
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NEMOSHIP

Modular battery Standardisation

energy storage solution Modularity

Fast charging Diesel / electric

Lifetime New 1 MWh

E” €O modular BESS

: Cloud platform
Experiences

from ESS Dota

exploitations Digital twins
Cyber-security

f

LNG / electric
4.5 MWh BESS

Design
Investment
Exploitotion
Data-driven optimal Maintenance

and safe exploitation Safety Hybrid demonstration — Ponant vessel

HE: HigkEnergy

Hybrid demonstration — Solstad vessel

2 main innovative solutions

A A modular and standardised
battery energy storage solution

)‘jo‘f}ﬁj;’z’;'ctfm enablingto exploit different types
vessels of batteries(HEand HP)

A A cloudbased digital platform
enablinga data-driven optimal and
safeexploitation

Optimized for sustained energy delivery, suitable for longer voyages and continuous operation.

HP: HigkPower

Designed for rapid discharge and charge cycles, ideal for dynamic marine applications.

Co-funded by
the European Union




PROJECT EXPECTED OUTCOMES
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Experiences
from ESS
exploitations

Modular battery
energy storage solution

Data-driven optimal
and safe exploitation

Standardisotion

Modularity
Fast charging
Lifetime

TCO

Cloud platform

Data

Digital twins
Cyber-security

Design
Investment
Exploitotion
Maintenonce
Safety

Hybrid demonstration — Solstad vessel

Diesel / electric
New 1 MWh
modular BESS

Q:

LNG / electric
4.5 MWh BESS

Hybrid demonstration — Ponant vessel

Adaptability
for full electric

2 main innovative solutions

A A modular and standardised
battery energy storage solution
enablingto exploit different types
of batteries(HEandHP)

A A cloudbased digital platform
enablinga data-driven optimal and
safeexploitation

A Demonstrate their maturity for
hybrid ships at TRL 7 and their
adaptability for fullelectric ships

Co-funded by
the European Union




PROJECT EXPECTED OUTCOMES
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Experiences
from ESS
exploitations

Modular battery
energy storage solution

Data-driven optimal
and safe exploitation

Standardisotion

NormandDrott vessel

Hybrid demonstration — Solstad vessel

Modularity
Fast Ch.‘"g.’”g Diesel / electric
Lifetime New 1 MWh
TCO modular BESS
Cloud platform
Data i
Digital twins |« @

Cyber-security

Design
Investment
Exploitotion
Maintenonce
Safety

LNG / electric
4.5 MWh BESS

Hybrid demonstration — Ponant vessel

Le Commandant Charceéssel

Adaptability
for full electric

2 main innovative solutions

A A modular and standardised 1.1
MWh battery energy storage
solution enabling to exploit
different types of batteries(HEand
HP)

A A cloudbased digital platform
enablinga data-driven optimal and
safeexploitation

A Demonstrate their maturity for
hybrid ships at TRL 7 and their
adaptability for fullelectric ships

Co-funded by
the European Union




CONSORTIUM c[+]a
r7 NEMOSHIP
NSNS
Consortium:
£
RTO for system W]
A 6 countries design, g m UNIVERSTER mdetec} o
optimization & BRUSSEL energy storage oF
development - : $
A 11 complementarypartners -
dlleEry system alie S5Yystem alg 5 -
’ t::lrl::::l'i||:I!|I:E:::'E ’ Itr';ter;rin:r 5|:|ﬂrJﬂi;ll'“qi..ul:lEr Naval Architect g
. . . ® corvus <
Covering theentire valuechain = eu(on SIEMENS 5' =
c
A 3 Researciechnology ,
Organization(CEA, VUB, Cidetec End-users S ) SONANT -
J i ) 2l SGLETABE’I;FSHDHE equinor 1l PONANT £
1]
A 1 SME (SDI) s
Consulting for exploitation In Extenso
A 7 privatelarge groups (Siemens, Strategy &impact maximization INNOVATION CROISSANCE

Corvus, Elkon, Solstad, Equinor,
Ponant, In Extenso)

Co-funded by
the European Union




WORKPLAN

WP1

Experiences learnt &

requirements

WP$9 Dissemination, exploitation and communication

WPS5 Modular 1 MWh BESS
demonstration and optimisation

WP2 Digital platform
development and
implementation

for a retrofitted vessel
WP4

Multi-level
management
systems
development

WP7

Semi-virtual demonstration

for full electric vessels

WP3 Modular BESS

design, integration
and testing

WP6 4.5 MWh BESS
optimisation for a newly
designed hybrid vessel

WP10 Project management

WP8

Final
assessment,
replicability

& deployment
plans

NEMOSHIP

WP2 Digital Platform
development
WP3Modularand
heterogeneoudBESS
WP4 Controhlgorithms
WP5 and @©emonstration
WP7 Fulklectricuse cases

Co-funded by
the European Union
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KEYNOTE PRESENTATION ON SAFETY OF BATTERIES

MagaliReytier CEA
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Methodologies  for LI -lon modules thermal runaway
understanding and mitigation

29th january 2026 1 NEMOSHIP project i Grenoble
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magali.reytier@cea.fr

Electricity and Hydrogen for Transportation Division

CEA Grenoble


mailto:magali.reytier@cea.fr

Highlight on LI -lon batteries safety issues

Context of battery usage

u Rapidly increasing number of-ion batteries

u Highervolumicand gravimetric power & energy density

u Number of usages : consumer, transportation, energy storage fiddfhto MWh

High level of safety expected

u Over the whole Value Chain and Life Cycle : manufacturer, stakeholders, users,
recycle industry

u Lkon battery fires that received large media coverage in the last two decades

Reviewd Meta-Review of Fire Safety of Lithium-lon Batteries: Industry Challenges and Research Contributions,
Laura Bravo Diaz et al 2020 J. Electrochem. Soc. 167 090559

Car accidents Underground parks storages

@ 29th january 2026 i NEMOSHIP projecti Grenoble



Highlight on LI -lon batteries safety issues

Thermal runaway (TR) evolution at cell level

cathode
EXternaI abuse ‘:‘7“7?:/;.;;‘;’;';;’1\“ electmlyte
Mechanical ddddddd Jeathode
Electrical
Thermal clectrolyte | electrolyte
decomposition Heat release
E— — Particles release
| et melt Gas release
nternal defect electrolyte electrolyte
/anode
SEI
SEI
decomposition

Wang et al, Progress in Energy and combustion science 73 (2019) 95-131

Factors of influence on TR and consequences

u Cell material reactivity, SoC artsloH
u Module and Pack design

u Venting, ignition, mitigation

u Environment

cea _ .
29th january 2026 i NEMOSHIP projecti Grenoble



Highlight on LI -lon batteries safety issues

Toward a more predictive approach

from material to the system scale v CFD model at module scale

- Turbulent URANS u Model reduction for
- Diffusion/Premixed

. . _ system analysis & design
Ensure a high level of safety for Li- combustion

. . - Particles heat and mass

lon batteries - Cooling fluids

u Cell safety multiphysic
models
- Thermodynamic and kinetics
- Electrochemical
- Electro kinetic

. - Thermal
u Battery material models

Thermodynamic and kinetic B

models of degradation ﬂ
reactions and phase change. s !

u Validation tests

= - Multi-cell & module
A Pressure evolution
u OUt'Of'Ce_” A Vent operation
- Interaction A Cell to cell propagation
A Cell to wall heat
A Cooling agents
A Flame characteristics
A Deflagration
- Propagation
- Cell->Cell

u Cell Safety tests

- Abuse conditions
) o AN@SNKSIGE ylAtzX
u Material characterization - Characterization of
JEE- Material degradation & interactior# Pressure
N XRD, DSC, ARG, = ! w/ X A Temperature,
- Gas saturation, vapor pressure A gases, particles
- Flash point, flame velocity

@ 29th january 2026 i NEMOSHIP projecti Grenoble



Highlight on LI -lon batteries safety issues

TR propagation at module or pack level : Can we assess and predict the different steps ?

1. TR of the first cell 4. External effects

- Jet flame, fire

J e = - Radiative impact
L ot 3x 7S Module Propagation studies at CEA with 50 A.h Li-ion prismatic cells - ATEX, overpressure
- Reaction kinetics & calorimetry - Toxic releases

- Solid / gas evolution - Structural integrity

- Mechanical behavior (vent, casing)

M

2. Heat and mass is transported 3. Impact (TR?) of other cells

: T Target )
- Conduction (tabs, holder) Cell Pl
- Convection (hot gases; jet flame, ) OK
particles) Time (s)
- Radiation - Heating

- Self heating criteria
- Internal propagation

5. Detection and mitigation




1. Advanced characterization of thermal

runaway of a single cell B
Energy and mass release during TR characterization in closed calorimeters £ e
Closed vessel calorimeter form
0.5 L to 1400 L

A Temperature & voltage evolution ™ -
A Heat balance : celejectas wo o o
A Mass balance : gas, particles i - s |f
: :
1000 E
500 \r‘ —————————

Duration (hh:mm:ss)

cea _ .
29th january 2026 i NEMOSHIP projecti Grenoble



1. Advanced characterization of thermal
runaway of a single cell

Thermal runaway energy release for 22 tests
NMC prismatic & pouch from 53 Ah to 155 Ah,

overtemperature and overcharge , under vacuum
4500
HCells 1 * Cells 2 0 13
1000 & oo WCells1  *cCells2
se00 Cells 3 Cells 4 l‘,,-"l‘ Cells 3 Cells 4 ’_,""" o 16
oCels5 OCells6 ,—"l” ” ® Cells 5 O Cells 6 " =
5 3000 300 o 12 E.
§ 200 el 7 A Cells é O % © Cells 7 ACells 8 g . §
g It I § EZSU P O 10 8
2000 Z 200 - O A B
g b g oA 3 3
g 1500 T ’ u - 150 g
n -
1000 $ . 100 i -
L™ g <
500 50 . i 2
Electrical Energy @ TR (kJ) Electrical Energy @ TR (k)
TR energy versus stored electrical energy at TR : Gaz amount versus stored electrical energy at TR :
D ETR/E@TR:1.25 (R=0.95) Qg /E@TR:4.93 103 mol-kJ* (R=0.92)

Dubourg S. et al, Fire Safety Journal, 2025, special issue ISFEH11

29th january 2026 i NEMOSHIP projecti Grenoble



1. Advanced characterization of thermal

runaway of a single cell = =
Impact of atmosphere  (vacuum, nitrogen , air) e — - u
on gas and energy releases = E— e
' NN Air §
“1 sgEnmocen § \ § v
---------- 5 = meee
. NN \
INENEEE N an
° . on § & & & § E0E+00 §\ &\ \\
TR energy versus stored electrical energy at TR : Gaz amount versus stored electrical energy at TR :
A In N2DEr/Egrg= 1.25 (as in vacuum) A In N2Q,/Eg=5.7% 10° mol-kJ* (R=0.92)
A In air DEr/Egrr= 5 (more spread results) A In aing JE grr=4.23 103 mol-kJ!

A In vacuumQ, /E g=4.93 10° mol-k*

29th january 2026 i NEMOSHIP project i Grenoble Dubourg S. et al, Fire Safety Journal, 2025, special issue ISFEH11



1. Advanced characterization of thermal

runaway of a single cell
Operando high speed X-Ray (ESRF)

Under high-speed X-ray

Displacement
of layers

Improve the understanding the internal
space-time evolution of TR

Charbonnel J. et al., ACS Applied Energy Materials 5, n® 9, 10862-71 (2022).
Darmet N. et al., ACS Applied Energy Materials 7, n® 10, 4365-75 (2024)



1. Advanced characterization of thermal
runaway of a single cell

Fast camera Iimaging (Visible and Infra -red)

e B
a
a
ov u
" y
by 3. Impact (TR?) of other cells
/ T ) 2
. ~Heati
Self h
[
etection and mitigation

Gas and particules ejection Ignition Flame extension

Trajectoires restantes

Vitesse moyenne de chaque particule en fonction du temps

120

100

g 0 - Venting and jet flame space-time
g ® 5 . X evolution of TR

2 . 3

£ ey

Automatic particles tracking and
‘ average velocity determination

Temps (s)

Particles tracking Average particles velocity

L.Sponem PhD Thesis

L.Sponem et al, Proceedings ISFEH11, june 2025




1. Advanced characterization of thermal
runaway of a single cell =

Reaction kinetics & calorimetry a - / - ses
Salid | gas evalution _ . - Structural integrity
(vent, casing)

2. Heat and mass is transported 3. Impact (TR?) of other cells

" Conduction (tabs, holder] |

- Gonvection (hot gases:; jet flame,
es)

Particles emissions characterization

7

ng
Self heating criteria
~Internal propagation

5. Detection and mitigation

\

Particle analysis

@ @1 Particle collection @) K Particle size distribution
Q @ Sieving & Degree of agglomeration
ei ﬁ Iﬁ Sampling W@ Elemental quantification

<75 75150 150-500 [um)

0 Energy balance % Density
Q Total energy released
Specific surface area

%

$

144 Ah

Thermal runaway

¢
]
.
.
.
.
.
.
.
.
.
%
%
.
%

=

Gas energy

N

////////////////////////////////////////////////

d Reconstitution of the sample 0 - 500 ym

Proportion (% wt)

N
1

8 100 b
0500 ymUS 93-33? Density and specific surface area evolution with particle size. " !qspm :
- = 0-500 ym s <
~ = 0-500 ym US
;EG*‘ R g Sample P fkg.m's) 554 [mﬂ.g_l] S5A sohers foe [mz.g'l}
g g <75 pm 2958 6.621 4.88 1072
g, - g 75-150 pm 2845 3.690 4,12 1073
a 3 150-300 pm 2689 2.131 1.68 107
g Z
g 5
2
E
=
o

Density and specific surface area

Size (um)

Size distribution

Ni Mn Co Cu Al Cc

T. Grossetete et al, J. of energy storage, vol 124, 2025, 116666 .- .
Elementary composition vs. Siz

@ 29th january 2026 i NEMOSHIP projecti Grenoble



2. Heat and mass transfer from TR cell
to surroundings

Heat transfer characterization and modeling

Ejecta impact on the front plate

Re =10000,H/D=6.0

— fomam el o Ejecta impact on instrumented plate

120
100¢ —— Katti and Prabhu
105
goy 100
95 JR—
S0l = ;g — Simu. homogéne
65 — Simu. homogeéne 2
oL sof | — Simu. Euler-Lagrange
0 1 2 3 4 5 ss. 2 . Expé.
r/d 50€”. ‘ ‘ :
. . 345 350 355 tis) 360 365
Literature data spread (w/o particles)

Model sensitivity (Eulerian vd.agrangia)

@ 29th january 2026 i NEMOSHIP projecti Grenoble



3. Onset and internal TR in target cells

Heattransfer from surroundings

Internal selfheatingmodel (DSC/ATGased

A B
I T T T T B ; = X107 [T T ¥ T
— — Exp result
6 —— Q_mini_cell | 6
;é SEII 551
2 sk —uptec || 5)
E —— LiIC6-DMC E a5k
2 al EC 3 al.
& SEI_Il G
é —— LiC6-CMC ifl edE
S 3r ——lce-pE0 |1 2 3
E —— NCA_| 5 25
H 2f —— EC-02 g 2t 1000
E Neat 15 1000
T 900
1r 1 900
0.5 800
V==l e o o e 800
50 100 150 200 250 300 350 400 50 100 150 200 250 00 350 400 700
Temperature (°C) Temperature (°C) 700
600
600
- 500
Celland stackthermal properties
400 i
300
300
200
200
100
100
(°C) (°C)
Ridha Omrani. Experimental study and modeling for the safety of Li-ion batteries. Material chemistry. . . . . .
Université Grenoble Alpes, PhD Thesis, 2022 Temperature evolution during TR in cylindrical, and a
Juliette Charbonnel et al. Chemical Engineering Journal 494 (2024) 153234 prlsmath Ce”



1+2+3 : Methodology for module propagation simulation

Cell thermal runaway
- \

Onset and internal
propagation

\ 4
Heat and mass transfer
from to surroundings

Thi
bH0 -
B0 -
ERO-
500+

T ddegl)

400+
ZE0r

i I - 1 . i i i i
ploi) T Flita] i) Elite) SO0 i) flod)

tT’R - - - - _ -
Model comparison to experiments fronschoberlet al., 2024,
eTransportation19: 100305

TR propagation

Temperature at t=165 s ¥ xQatt=165s

Temperature at t=341s i xat t=341's

E.Yhuel et al, Proceedings ISFEH11, june 2025



4. External effects

Jet flame characterization

1400~
1.50
;G 1200} -
; 1000' g 1.25
E 800! E 1.00
E f—
g_ 600} 5 0.75
% 400! + 0.50
0.7 - . : : . [t o
UnStab|e — Flame |ength 4(]-5 200} T 0.25
0.6| lifted jet —— Flame width -
- 2 . % 0.00
. £ 0.5} Attached stable flame 0 10 20 30 0 10 20 30
2 flame regimes (HD camere - jet Time (s) Time (s)
c 0.4}
(@]
@ ol Measured temperatures and heat flux
Q |
£oo) WMMW
£ | |
0.1; ‘
0.0t =
0] 5 10 15 20 25 30

Time (s)

Unstable lifted jet then attached
stable flame jet

L.Sponem et al, Proceedings ISFEH11, june 2025




4. External effects

Shock wave in open field

Cylindrical 18650 GEN3
G NMC %

trr ~ 500ms

Cylindrical 18650 ASSB
OMNMC

- 5geq TNT (r=903 mm) 1000 — = Loi de Kinney & Graham
...... 5 g eq TNT (r=957 mm) Cellule LI|LLZO|NMC
—— LG-HG2 (r=905 mm) | = 10gegTNT
~ = LiLEINMC (r=904 mm) 300 “ 5geqTNT
600 Li|LLZO|NMC (r=905 mm) \
-~ Li|LLZO|NMC (r=957 mm) "y
!
= = \
é é 6001 \
=400 E Y
- 0 \
4 o 400 \
& F o A\
e, AY
5 AN
200 S N
f 200 "\} .
o b L S b T
0.0 0.4 0.6 3 6 9 12 15
Temps (ms) Distance réduite (m.kg~?)
Measured aerial overpressure Kinney & Graham scaling law
@ 29th january 2026 i NEMOSHIP projecti Grenoble

J.Charbonnel PhD Thesis, Université Grenoble Alpes, 2024



1. TR of the first cell 4. External effects

EAs - Jet flame, fire
| . - Radia
cand "ATEx, overpressur
- Reaction kinetics & calorimetry . W
[ ] ] [ ] [ ] - Solid / gas evolution - » - Structural integrity
[ Mecnanical benavior (vent, casing) e— .
SR — L2 .
u 2 Heat and mass I transportsd 3. Impact (TR?) of other cells
Conduction (tabs, halder] e g
Convectian (not gases; et flame, - i
particles) p—
~Radiation Heating
heating criteria
ntemal propagatior

5. Detection and mitigation

e Combustible gases are ignited
¢ Ejected particles by elevated-temperature particles

Ejecta
/ Venting
Jet fire
Anode

/ Decomposition

2
&

- Ongoing Multiphysic approach -
- From cell alone to cell in a module or pack Vening X,

Electrolyte

- Try to detect as soon as possible (R100.3) D“°‘“"°“"°“\
- Different signals and thresholds S|

Decomposition \

propagation
Cathode
/ Decomposition

- Detection to be optimized with cell capacity,
paCk d es | g n Battery under venting

Battery under combustion

Table 3. Evaluation of the different sensors on three categories. Signal clarity describes how close the

Temps=344.5 s Volume: Temperature (K)

detection signal comes to a step function and how easy it is to evaluate it, whereas sensor feasibility

evaluates how easy the sensor can be deployed. Grading goes from (+) good, to (0) neutral to (-) bad.

015

Sensor Detection Speed  Signal Clarity = Sensor Feasibility 460

S1 voltage + + 440

52 gas + + - 420

53 smoke - 0 0 400

S4 creep distance - - + 380
55 temperature 0 0 0 360
56 pressure + - + 340
57 force + - 0 320

Koch et al, Batteries 2018, 4, 16

@ 29th january 2026 i NEMOSHIP projecti Grenoble



1. TR of the first cell 4, External effects

5. Detection and mitigation Sl S

ac
ssure
i
(e
e
.
2. Heat and mass is transported 3. Impact (TR?) of other cells
Conduction (tabs, halder) / e e,
Convection (hot gases; jét flame, 9 —on
particles) L B —
- Radiation e

- Haating
~Self heating criteria
Internal propagation

[5. Detection and mitigation |

Obstacles temperature
Cell temperature 160.0

400.0
140.0
. L
350.0 h R
without o0 A cO2
200.0 I \ L mmmmm iabelaiet el b
T 1000 | . h
T 2500 T _ without
L2 ) g 800
E 4 E
g 200.0 .\:-.. £
£ 02 g 60.0
§ 1500 . C
. P e L P T B P rrr s ‘.,
. (I ‘\:h-. e T T e e 40.0 haE
\ oA .- P -.""---...
100.0 LI S L Dal, LT S T S B!
T 200
ater water
50.0 VLo yvalcld
0.0
oo 0.000 50.000 100.000 150.000 200.000 250.000 300.000 350.000 400.000 450.000 500.000

0.000 50.000 100.000 150.000 200.000 250.000 300.000 350.000 400.000 450.000 500.000 temps (s) t=0 au démarrage fumée hors box

temps (s) t=0 au démarrage fumée hors box

=-+= TC1-CE ==-=culCC CUl-C_s

= - = TCcell centre_E = = = cell centre_C

TC-centre_S

Time=360s Particle trajectories Surface: Temperature (degC)

A371

350
300

250

=) \Vater cooling >> CO2
m) Gas and particules to be taken into account
m) Other extinguishing and cooling media under study ,

29th january 2026 i NEMOSHIP projecti Grenoble
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CONCLUSION

TR propagation at module or pack level : Can we assess and predict the different steps ?

1. TR of the first cell 4. External effects

u‘_“\l - Jet flame, fire

- Radiative impact

- ATEX, overpressure
/ - Toxic releases

- Structural integrity

- Reaction kinetics & calorimetry
- Solid / gas evolution
- Mechanical behavior (vent, casing)

M\

2. Heat and mass is transported 3. Impact (TR?) of other cells

- T Target D)
- Conduction (tabs, holder) Cell
- Convection (hot gases; jet flame, (K) OK

particles) Time (s)
- Radiation - Heating

- Self heating criteria
- Internal propagation

5. Detection and mitigation

- Necessity to get quantitative and reliable experimental characterizations
on these 5 steps and to consolidate through predictive modeling

@ 29th january 2026 i NEMOSHIP projecti Grenoble
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Q&A FOR
Keynote presentation on safety of batterielsMagali Reytier,
CEA
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MARINE BATTERIES SAFETY

Lars Petter Larsen, Corvus



Corvus . Energy

Transforming battery safety
- | and design with  advanced
p—— . - analytics and digital twins

Lars Petter Larsen

Global Service Program Manager

Corvus ‘ Energy



Corvus ‘ Energy

Safety
& Design




Driving safety further

Information  Sharing
Classification Societies

Shipowners
_ o System Integrators
Continuous Continuous  Monitoring Mithoriies
ESSperformance analysis via
Improvement

. 4 Vessel Information Portal data
Learning from 800+  projects

Sustainable Engineering

Quality Control

ISO Qualified
In-house Competence Multi stage development
R&D Testing
Emergency Maritime DNA
Management Risk analysis
24/7 support FMEA

Emergency response team
Specialists teams



Corvus Energy

Drivi ng Safety Design Phase System

Close cooperation Cell chemistry
On a” |eve|S Sizing according to the Single cell TR insulation
operational profile BMS (Battery

Application engineering Management System)
- HAZID Continuous Monitoring

Pre -installation check

Battery Room Operations
Class requirements Online monitoring
Cooling Safety training of crew
Gas detection and operators
Fire extinguishing system Emergency response team

Monitoring




Corvus ‘ Energy

Passive Single -Cell Thermal Runaway Insulation

Integrated thermal runaway (TR) gas exhaust system

Cell-level Insulation TR gas Is easlily vented to external atmosphere




Corvus ' Energy

Passive Single -Cell Thermal Runaway Insulation

Corvus design exceeds class level requirements

INSULATION ® HEAT EXHAUST GAS External
atmosphere

Class Level Requirements Corvus Standard Gas Venting

LT

Module -level
TR Insulation TR Insulation

Tharmazl Runaway
Fropagation Threshald

Thermnal Runaway
Fropagation Threshold

Temprature —s
Temprature —e

Individual Cells Individual Cells
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Passive Single -Cell Thermal Runaway Insulation

Corvus design exceeds class level requirements

How Corvus Passive -Single Cell

Propagation protection works Exceeding class
requirements
Each cell is thermally isolated

from neighboring cells a8 Class requirement:
. . ) v — -
Debris ejected from a cell in TR == Mmodulelevel TR Protection

will not create cascading events
Corvus standard:

; IRy ATR ﬁr%tecgt/l\on

Hot gasses emitted from the TR cell are
Ot AAANANDZ ne At N BeD2 ANy

=

Cell fuses on both positive and negative
terminals of the cell
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Battery Cell Chemistry

Comparison charts : NCM, LFP and LTO

Performance Performance Performance
NMC e LFP Specifi LTO .
Specific energy Pecitic energy Specific energy
(capacity) (capacity) (capacity)
Cost o Specific power  Cost e SPECific power Cost” - . 5 Specific power
’ [Xﬂ(ﬁ\"’\'
lifespan'. - safety Life span' "\.\\‘"'"";,/'/ 'Safety Life span'< Safety

~_”

Performance

Performance Perfarmance
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Corvus Battery Management System

BMS enhances the basic cell chemistry

?Epecific (Whikg) |
nergy BMS cell balancing enhances
Cost Specific (availability of performance, life span and safety
Power high current)
Monitoring and equalizing the voltages

Life et and state of charge among the cells helps
Span L Y to prevent damage and optimizes function

Perform Lithium-NMC

ance
Orca BMS, enclosure and system

enhance the basic cell
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Corvus Battery Management System

Industry -proven , state -of-the -art BMS

Key Benefits

Supports system safety, lifetime & Cell = Charge/
and operational predictability UEMESEE Discharge Limits

| l Safety EE“ Supports

(( Disconnect Iretme " Voltage Jv\- Current
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Modular Design Approach

Supports quality and cost efficiency

Modularized design, where cell -agnostic
components can be applied across
product lines offers many benefits.

Product quality

Performance reliability

Cost efficiency Blue Whale 4
. . . ESS
Production timelines Dolphin Energy

NxtGen ESS



Battery safety
and design

Corvus e Energy

A Optimal size  with digital twin
A Load profiles: Simple and complex

A Tuning parameters

A Optimal operation  with advanced
analytics and digital twin

A Operational profile can be different

A How to optimize performance and lifetime

A Diagnostics and prognostics



Digital Twin
A digital model of a
physical battery system

Configuration
Product type, No. of modules
and packs, SOC and SOH limits

Operational Profile
Time vs. Power/Current

Initialization
SOH, SOC, Temperature

Corvus e Energy

Given the operational profile,
the digital twin model can:

A Simulate the electrical and thermal performances
A Simulate the degradation over time

A Takes BMS (Battery Management System)
limits into account

D|g ital Performance
. Electrical & Thermal
TW' n Degradation

of a Corvus
Battery System
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Digital Twin Model

A Load profile can be a simple profile or a combination of
multiple profiles in a desired sequence over a 10 -year time

A Includes both short  -term performance as well as
long -term degradation phenomena

e .
. . .. 88 ¥<_‘w
A Can be configured for a desired product. ] el |
Examples: Corvus Orca, Blue Whale or Dolphin NxtGen ESS i — EE g
Shzowe EHE
- - r—— B .. i =
S5 gy e

. - —— 89 !

L — e

o :;:~. ;

o) |

Orca

Blue Whale Dolphin  NxtGen
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D|g|ta| Twin for Optimal A Accurate profile as an input over 10 years

batter svstem desian A Optimal SOC operating range over the time
y y J A Detailed insight into BOL and EOL performances
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Digital Twin for battery system
Remaining Useful Life (RUL) estimation

Practical use cases:

A Load profile at the time of battery system sizing
was underestimated

A Change of operational route for the vessel
A Onshore charging infrastructure

A Additional operational modes for hybrid vessels

Digital twin can predict the Remaining
Useful Life of an existing battery system

A Based on the present SOH

A Future operational conditions

Corvus e Energy
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Data

Data from more than 500 Corvus battery
systems is logged and stored in the Cloud

Average battery system size is ~1MWh

For ~1MWh battery system:

~1850 cell voltages, cell temperatures, SOCs etc.

Pack currents, Ambient temperature

Event logs

Data sampling rate is ~1sec.

25 detectors continuously monitoring

field data for anomalies
This increases battery safety by reducing downtime
and identifying issues before they become safety risks
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Digital State of
Health Testing

Conduct class -required  battery
system State of Health (SOH)

tests digitally,  without  taking Data -backed and DNV -accepted
the vessel out of operation

Saves time and cost

Highly efficient and accurate

Relax Relax
10 min 10 min

Makes more frequent testing a viable option

Relax

to support safety and predictable operation,

especially toward the end of system life
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Thank you !

Corvus . Energy
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MARINE BATTERIEHARACTERISATION

Pilar Meneses, Cidetec



BATTERY CHARACTERISATION
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NEMOSHIP

Testing activities at CID lab

ORCA(NMC) https://corvusenergy.com/products
DOLPHIN NextGen EneryMC)

DOLPHIN NextGen Pow@iMC)

Pt Co-funded by
ot the European Union

29/01/2026 55



